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I. Investigating the Patient 

Surgery in the nineteenth century was a very dangerous treatment, 
used only as a last resorL The perceitage of patients who died after 
an operation by Joseph Lister illustrates the risk. He was one of the 
greatest surgeons of all time, and he was said to have saved more 
lives than had been thrown away in aU the wars of history; he 
introduced antiseptic surgery in the 1860*s and cut the death-rate 
&om amputadons by two-thirds. Even so, 15 per cent of his 
patients died. Operations were a lightening prospect and never 
used if any other treatment seemed at all likely to succeed. Yet they 
were often a necessary risk. A leg that was broken could be set, but 
if the bone came through the skin the wound would usually became 
sq)iic. There was no cure for sqpsis; the only treatment was 
amputation. Another condition that necessitated an operation was 
the development of a cyst— a fluid-filled swelling — or a tumour, 
which is a solid growth. Either of these might become so large that 
they caused unbearable pain. The extreme risk of an operation 
would have to be taken. 

One hazard of surgery was the pain of the operation. Various 
drugs, and alcoholic drinks, had bi^ tried as anaesthetics since 
very early times — jn^obably as fer back as prdhistory— but they were 
never very effective. Modem anaesthesia dates from the nmeteenth 
century, when the first successful anaesthetics — chloroform, ether, 
and nitrous oxide — came into use. These anaesthetics helped to 
reduce another danger— shock. Surgical shod: oooirs when the 
body is injured. The first reactions — faintness, pallor, and nausea 
— may pass quickly, but there is a second stage that can prove 
fataL Blood or plasma (part of the blood) stops calculating and goes 
into otiier parts of the body, and ths can be fiitaL Secondary shock 
becomes even more likdy ff there has been a lot of bleeding, and 
the operation itedf can cause this. The possibiliiy of death by 
bleeding made all operations difficulty for tiiey had to be done 
quickly rather tban carefully. Some operations were imposrible; 

zi 
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nobody considered operating on the heart or the large blood 
vessels. 

The other Hawg w was sepsis. Uster’s was the first attadk on 
surgical infection. He used carbolic acid as an antisqpdc, often 
sprayed on the seat of the operation by a pump, and this was the 
antiseptic surgery that cut deaths after amputations by two-thirds 
(PL I). However, this method enveloped the surgeon and the 
patient in iiw pl«>g«nif and possibly dangerous douds of a disinfect- 
ant that mi ght also actually harm the open wound. It would 
obviously be much better to keqp the operation ftee ftom infection 
than to try to kill the germs once th^ were there. This is the 
technique of aseptic surgery, where the operating theatre^ the 
instruments, and the surgeon and his assistants are all so dean as 
to be free fitom germs (PL II). This method, although efiTeedve in 
many cases, is inadequate fi>r operations on parts of the body that 
are themsdves infected. These may be organs, such as the appen- 
dix, that are internally infected, or they noay be wounds that have 
become septic. It has become posdble to operate easily on such 
places only since the devdopment of the sulphonamides and the 
antibiotics. Even with these new drugs there are stUl gaps in the 
genn4dl]ing armoury. 

Despite these gaps, surgery is now very safe. New-born babies 
can be operated on fi3>r defective hearts, and old people for defective 
glands, and they can all recover to lead normal lives. Surgery has 
become a part of medical treatment rather than a last-chance 
life-saver. 

Dufgnosis 

The surgeon*s first problem is to dedde whether surgery is 
necessary. The ideal would be for him to find out what is wrong 
and to plan his operation without opening the body to have a look. 
Fed in g for lumps and listening for a fiiulty heart valve are hdpful, 
and the surgem can learn much about a broken bone by looking at 
the limb and moving it gently ; but the greatest advance in diagnosis 
came fitom R5ntgen*s discovery of X-rays (PI. III). 

Soon after their disenvety X-rays were in use in medicine. They 
went easity through soft tissue and would afiect a photographic 
plate on die fer side; but harder ol^ects, such as bone;, left a 
shadow. Ptofaabfy the first diagnostic X-ray picture taken in 
B ritain was one that showed a needle in a woman’s thumb. 
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Thh was taken in University College Hospital, London, in 
1896. These early X-ray machines were feeble — they might need 
an «:posure of half an hour — and could be used for investigating 
only fractures and foreign bodies. The machines were soon 
improved so that short exposures could be used; the chest, 
for example^ could be photographed while the patient held his 
breath. Modem machines use exposures as short as 0-02 sec. 

As well as affecting a photographic plate. X-rays can make a 
screen coated with calcium tungstate glow. For some purposes this 
moving picture is more useful than a photograph, since the heart 
or the lungs can be seen in action and, if the patient has been 
prepared, the stomach and the bowels. This kind of picture is used 
in mass radiography. It would be very expensive to take actual 
X-ray pictures of the entire population, because the films used are 
life size^ but the growing screen can be photographed with a 
miniature camera &irly cheaply. Anyone whose picture suggests 
disease is re-photographed on a iull-sized machine. 

It is extremdy difficult to interpret X-ray pictures of soft 
tissues, since all that can be seen are faint shadows of varying 
depth. What is often needed is a *contrast medium* that can be put 
into an organ so that it becomes opaque to X-rays. Barium sulphate 
was the first of these to be adopted. Ifa patient swallows a* b^um 
meal’ — a thi<^ paste of barium sulphate and water — ^the stomach 
becomes opaque to X-rays. As the meal travels through the 
system, the duodenum (the part of the small intestine that immedi- 
ately fallows the stoma<fa) also becomes opaque. The stomach and 
the duodenum are both places where ulcers can occur, and these 
ulcers, called gastric and duodenal ulcers respectively, show up 
fairly clearly on X-ray photographs taken after a barium meaL 

Other contrast media were soon discovered. Th^ had to be 
harmless as well as being opaque to X-rays, and diodone is now 
used for all organs outside the digestive system. It is a liquid that 
can be injected into the windpipe — the trachea — so that it runs 
downwards into the lungs and makes the bronchial tree (the net- 
work of tiny tubes in the lungs) visible under X-rays. It can also 
be injected into the spinal canal (the long tube in whidi the spinal 
cord lies) to show any obstructions or distortions of the ca n al. And 
it can be injected into the bloodstream so that the blood vessels 
oj^ say, the kidneys and spleen become opaque and show any 
tumours that are there. 
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In the last few years two further improvements to X-ray tech- 
niques have mfldfe them even more valuable to the surgeon. One 
is a way of producing a brighter image on the X-ray scre«i (PI. IV). 
Bones show up very dearly, but the soft pa^ of the body, even 
when a contrast medium is used, give a dear image only when they 
are photographed. Electronic engiiieers have now devised an 
image intensifier, so that the X-rays can be used dming the opera- 
tion. A furtho: advance was an image-retaining X-ray screen (E^. 
V, VI). This gives an * instant* picture by using an dectric method 
of showing where the X-rays strike. The picture can be preserved 
for up to half an hour, or it can be erased and a new one made. 

X-rays have their limitations. First, they give no information 
at all about some organs and, secondly, thore are some occasions 
when they are dangerous. There is, for esample, a possibility of 
harming the child in a pregnant woman by udng X-rays on her 
body. Fortunatdy the surgeon has other tedmiques available. 

One c£ these uses ultra high ftequency sound. Echo-sotmding, 
or sonar, is well established as a way of finding out what is beneath 
a ship at sea. Sound waves are sent out ftom the ship and are 
reflected by the sea bottom, or by fish or any other objects in the 
water. The reflected sound waves can be a:^37sed so as to show 
where they were reflected and, often, what they were reflected 
by. A similar technique is now widdy used to look for flaws 
in pieces of metaL The use in medicine is basically similar 
(PL VII). 

Short pulses of high ftequency sound are focused into paralld 
beams and sent into the body of the patient. The beams are partly 
reflected by any layer where the *soimd texture* changes. This 
will occur between any sections that have differing abilities to 
tra nsmit sound. The echoes ftom the layers are picked up and made 
visible on the screen of a cathode ray r^dllogcaph. This can be set 
so ffiat it gives a two-dimensional map of the part of the body 
undemeath the sound source. In the earlier modds, transmitter 
and reodvor were moved across the body by hand, and this method 
is still used for invesxigaiiiig the brain, where it is particularly 
effective in locating abscesses and growths. 

A more refined version is used on the abdomen. Sound is not 
reflected efficient^ ftom a l^er thitt is not perpendicular to the 
sound waves, and most of the organs trutida the body would there- 
fore give an IB-defined echo. Dr Ian Donald of University of 
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Glasgow has developed a scanning technique in which the sound- 
emitting probe is rocked through a small angle as it moves across 
the patient’s body; both movements are made mechanically. This 
device has proved to be very effective in diagnosing abdominal 
swdlmgs in women (PI. VIll). It is quick, it can be used without 
the patient leaving her bed, and, unlike X-rays, it cannot harm the 
child in a pr^nant woman. 

An interesting technique that has recxndy been developed is 
‘isotope scanning*. The patient is given a radioactive substance 
in such a way that it is taken up by the particular organ that is to be 
investigated. The radiation is too vreak to be harmffil to the 
patient, but it can be detectied by a scanner that gives a picture of 
the organ, or rather of the radioactive substance absorbed by it. 
Any abnormality — such as a tumour — ^will show itself as a varia- 
tion in the density of the picmire of the organ (PL IX). 

X-rays, ultrasonic waves, and isotope scanning give only indirect 
information about the body. The surgeon also needs as much 
direct infoimation as he can get to supplement this. The cardiac 
catheter gives him a way of finding out direcdy what is happening 
inside the heart. It was devised by Dr W. Forssmann in 1929 when 
he was working in Eberswalde in Germany. He came across a 
print in an old veterinary journal that showed a surgeon putting a 
tube along the vein of a horse to sample its bloocL Forssmann 
decided to find out if it would work with human beings. He tried 
it on a dead body, and then, as no one would help him, on himself. 
He foimd that he cnuld slidje a tube into a vein in his arm and push 
it along until it actually went into the ri^t atrium of the heart 
(PI. X). To prove that he had done it he then walked to the X-r^ 
unit of his hospital and had photographs taken. He maintained 
that the tub e could be used to find out how effidently the heart was 
working, by taking samples of blood firom the inside of the heart. 
The technique was not taken up in Germany, and Forssmann 
himself led a relatively undistinguished life for years (he even gave 
up medicine for a time). Btzt two Americans — A. Cbumand and 
D. W. Richards — did develop the idea. They fbund that the 
catheter could be used to find the composition of the blood before 
it was sent round the lungs. Their work was extended, and it was 
found that the catheter could be worked past a heart valve to 
investigate the blcKxl in the xi^t ventricd^ and even the blood in 
the pulmonary artery that led to the lungs. Samples of blood could 
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be withdrawn and analysed to jSnd out bow much o^gen and 
carbon dioxide the blood contained. This showed how effidendy 
the heart was working, and if samples firom the heart itself showed 
that blood was miiring in the heart, this indicated a hole in what 
should have been an impermeable wall. Even in its simple form, 
the cardiac catheter gave a lot of valuable information about the 
working of the heart (FI. XI). The invention and development 
earned Forssmann, Coumand, and Ridmrds a Nobel Prize. 

So far only the ri^t-hand side of the heart could be investigated. 
The catheter could be pushed only along a vein — ^that is, in the 
same direction as the blood flow — and the vein that joins t^ heart 
and the lungs was inaccessible. It seemed lisliy to try to get to the 
left side of the heart by working against the blood flow, as the 
catheter might cause a dot or damage a heart valve (Fig. 1). 

This problem was solved by Dr J. Ross, of Betiiesda, Alatyland, 
who invented a catheter that consisted of three concentric tubes. 
The whole catheter was thin enough to be slid along a vein until it 
entered the heart. The outer tube shidLded a needle that had the 
third tube inside it. In use all three tubes are slid along a vein tmtil 
the end is in the nght upper heart. The needle is eased through the 
heart wall, and the very fine tube at the <^tre is pushed forwards 
to take samples of the blood and to measure its pressure. This tube 
can then be worked through the mitral valve so as to readh the 
lower left heart and sample the blood there. The cardiac catheter is 
now a routine device that is used ft)r investigating the condition of 
the heart whenever heart surgery is contemplated. 

Though ^ catheter gives direct information about the blood in 
the heart, it can give only indirect infinmation about the condition 
of the heart wall and heart valves. These can now be looked at 
direedy with the fibrescope. This was" invented by Dr H. H. 
Hopkins of Imperial College^ London, and is based on the fact 
that a beam of light that is shone down a glass rod will be totally 
iutxxnalfy reflected and will stay inside the rod even when it is 
bent. This applies even tx> a very thin rod in the form of a fibre. 

The fibrescope is essentially a bundle of fibres bound together. 
This bundle can be eased along a vein inthe sanre way as a catheter. 
Once one end has entered the hearty a li ght- is attached to other. 
Thu ligln travds down the fibres and lights the itiieiH^ of the hear^ 
and an arrangement of reflectms and lenses at the outward end 
n^kes it possible to photograph the heart. A Bimilar arrangement 








Va VI The image-retaining panel, which when electrically treated retains the 
X-ray ‘photograph’ of any object for up to half an hour. 


\n[I, VIII, DC Two modem diagnostic aids. Echo-sounding can be used (Jbdow^ 
Uft) in the diagnosis of abdominal complaints. This photograph shows both a hand 
probe and the more powerful scanning probe. The map resulting in this one shows 
(rights top) an ovanan cyst. Bights helozo : Isotope scan ning. More of the radioactive 
isotope is absorbed by the tumour thm by the rest of the brain. 





X The siugeoa threads a cardiac catheter through a vein to reach the heart 
chaxsbers^ so that suspected heart defects can be diagnosed^ and watches its 
progress on a television screeiL 


XI An X-ray photograph show- 
ing one end of a cardiac catheter 
lying in the heart. 





XIIs XIII Photographs taken by the heat camera show up parts of the body which 
disease or deqply-seated injury has made hotter than die surrounding parts. 
Above: The darker (hotter) area indicates a tumour of the left breast. Belov:: A 
heat camera picture of this badly burned leg shows areas needing skin grafts. 








XVII Equipment for clean- 
ing surreal instruments by 
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can reach otherwise inacces- 
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XVIII A test to discover 
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drugs are most effective 
against bacteria. Paper discs 
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dri^ are placed on a plate of 
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J dicate that bacterial growth 
has been prevented by the 
drug. In this test drugs No. 1 
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Fig. 1. Schematic rqpresentation of the human heart-lung system. The 
cardiac catheter is worked along a vein with the flow of blood (\dtxte 
arrow) and into the heart. Black arrows show the flow of blood in the 

arteries. 
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can be used to investigRte any organ that can be reached along a 
tube. The bladder is one example — ^the fibrescope can be so fine 
that it can even look into the tub^ joining the kidne 3 ^ to the 
bladder. Another example is the Itings, which can be readied 
down the windpipe. To check the location of the fibrescope the 
surgeon can watch its movement by X-rays. 

The heat camera has also turned out to be a valuable aid to 
rfiagnnsis- This lefies on the fact that some parts of the body 
become under certain conditions, hotter than tihose aroimd. 
One such condition is cancer; cancerous lumps on the body are as 
much as 5°" C. hotter rhan harmless lumps, and the hotter ^ey are 
the more likdiy they are to break up and lodge in other parts of the 
body. The heat camera is a sensitive electronic thermometer that 
* scans’ the patient and records the hotter parts as dark patches. 
Effectively it takes a picture of him by his own heat (Pis. XII, 
XIII). This is an ideal kind of diagnostic method, since it does not 
involve doing an]rthing to the patient. Unlike X-rays, for example, 
it cannot harm him. Veins that are near the surface and badly 
burned parts of the body are also rather hotter than the surround- 
ing parts, and will be detected by the heat camera. 

Another valuable technique that has been developed recently is 
dwt of tdemetry. This is a means of transmitting radio signals 
fixnn parts of the body that were relativd:y ioaccessibl^ so as to get 
infimxtation about the conditions there. Much of the devd.opment 
is due to R. S. Ma(±ay of the University of California. 

His first aim was to make a radio transmitter that could be 
swallowed. He made one that was a (^linder about two centimetres 

BATTERY 

Sii AOK COIL 



Fig. 2. An dectricd circuit for a telemetric piQ, which transmits the 
of changes of pressure on the core. A telemetcic pill can be less 
than 2 cm. in length. 

long and rather less than one centimetre in nie- f ^ — about rfift 
site of a kxge vitamin tablet (PL XIV and Fig. 2). This would 
transmit pressure c h a n ges inside the botfy'. One use is to measure 
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the pressure changes in the large intestine that are caused by 
peristalsis, the waves of muscular contraction that force food and 
waste products through the alimentary canal. Peristalsis stops after 
surgery on the stomach. It is important for the health of the patient 
that it be restarted as soon as possible^ and a number of drugs have 
bear tried in an attempt to find one that would speed this up. 
Unfortunatdy it is difficult to tdl from the outside whether it has 
restarted. A telemetry pill swallowed before the operation, or put 
into the canal during it, will transmit signals about the pressure 
waves as soon as the movement starts. The pressure is measured 
by its effect on a small farrite (magnetic) core in the transmitter, 
which also has to contain a battery (Fig. 2). This has limited the 
d^ee to which the size of the pill can be reduced. One transmitter 
was made recently that used the digestive juices as the liquid part 
of the battery, and needed only electrodes dipping into them. 
Unfortunatdiy it turned out that the voltage varied according to 
the composition of the gastric juices, and that this depended on 
what the patient was thinking about. If he thought about lamb 
chops, for esample;, he secreted more juices, axtd the transmitter 
gave an inaccurate reading. 

The orighuil aiin was to make a pressrure^-measuring transmitter 
that could be swallowed. The current aim is to make one that can 
be embedded in the eye. In a disease called glaucoma the pressure 
of the fluid in the eye rises, causing the to become hard rather 
than resilient, and eventually damaging it so as to produce blind- 
ness. The pressure is affected by both psychological and physical 
frctors, and a transmitter that could be embedded and left in the 
eye fbr some time would show which frctors had the most effect. 
Research workers under Air Alackay are trying to make a ‘passive* 
transmitter^— one powered by current induced in it from outside — 
that win measure 1X1X2 mm. 

Other changes than those of pressure can be measured. The 
temperature near the ovaries of some mammals increases at 
ovulation, when a frrtilizable egg is released. Research workexs 
have implanted transmitters that reveal this increase in monk^. 
The aim was to increase the likdihood of fertilization — the 
monkeys were kept for breeding — ^but a similar instrument 
would give infoimatiQn that would be valuable in stuping impreg- 
nation and ccmteacepiion in human beings. 

Ulcers in the stomach or duodenum arc revealed by blood in the 
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stools^ but in about one-fifth of the cases it is not possible to tell 
eacacdy where the bleeding is. There are now several forms of 
transmitter that can be swallowed^ and that will pass along the 
digestive system and give out a signal when they reach the site of 
the blading. Their progress can be followed either by direction- 
finding radio or by X-rays. Another pill that measures the acidity 
of the digestive |uices is valuable in studying changes that can 
cause ulcers. 

Tdexnetry as an aid to diagnosis is still experimental, but the 
amount of information the surgeon can have to help him is rapidly 
increasing. Diagnosis is still an art rather tha n a science, and most 
of the signs and symptoms us^ are not measurable in any exact 
way. Efowever, the increasing use of exact measurements suggests 
the h»dy possibility of diagnosis by computer. Any combination 
of measurements that can be related to particular diseases can be 
programmed on to a €x>mputer, and the diagnostic surgery of the 
future may automatically measure blood pressure, pulse, tempera- 
ture, stomach acidity, and blood composition. A fluorescent X-ray 
screen could be scanned and the patterns of tumours and ulcers 
recognized automatically, and an automatic stethoscope would 
detect the irregularities of heartbeat that showed disease of the 
valves. Many of these mach in es have already been tried and are in 
us^ cm an experino^ntal basis, for supervising the progress of 
pa tient s after operations. The automatic diagnostic siurgery lies a 
long way in the future. 



II. Anaesthetics and Antisepsis 



For a simple operation the patient is put to sleep with an injection 
and then kept nnconsdous with an anaesthetic that is poured on 
to a mask over his nose and mouth. Anaesthesia for a difficult 
operation may be very much more complex. Throughout, there is a 
tube hdd in the patient’s throat emerging through his mouth. 
This tube is usrtally coxmected to a battery of gas cylinders, and the 
anaesthetist controls these gases so as to ke^ the patient uncon- 
scious but well throughout the operation, which may last for hours. 
If the diest has to be opened for the operation, the patient will no 
longer be able to inSate his own lungs and brea^e; the anaesthetist 
must breathe for him. In an operation on the heart the blood will 
be sido-tracked and led through R mechanical heart so that the real 
one can be stopped; the blood will be cooled so as to lessen shock 
and to lower the body’s needs for the oxygen carried by the blood. 
Ihis is all the responsibility of the anaesthetist (PL XVI). He has 
come a long way from the pad soaked in chloroform that he used a 
hundred years ago. 

The patient knows nothing of all this. In the early 1930s be 
would be wheded into the operating theatre and the anaesthetic 
would be administered as a gas or a vapour. He would, for a few 
mcunents, fight the feeling of suffocation that resulted and he would 
eventually succumb, slowly it would seem to him, wondering if 
he would be fully unconscious before the surgeon started to cut. 
Nowadays his last conscious feeling is the prick of a hypodermic 
needle as he lies in his bed or on the hospital trolley. A drug — 
a barbiturate — is injected and die patient soon becomes peacefully 
unconscious. He know nothing until he wakes, hours later, 
back in his bed. 

Surgery has often been limited by the body’s reaction to pain, 
since more than a certain amount of pain is intolerable to the 
patient. The surgical shock that acute pain causes may prove fetal, 
and, in addidcm, a conscious patient have sudi tense muscles 

that the surgeon cannot get past them m his operation. 
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There were no successfiil anaesthetics used before the nineteeth 
century. The early Arab physicians are beJieved to have used opium 
anA hyoscyamuSy administered by mouthy and mixtures of these 
drugs with others were used on a ‘soporific sponge*, from which 
the patient inhaled , from the ninth century. Throughout history 
alcohol has been used to stupefy patients before operations (PL 
XV). None of these methods was very successful. Mesmerism was 
tried in the early nineteenth century by James Esdalle. He success- 
fully carried out about two hundred painless operations in India, 
but the method failed when he tried it in Scotland on his retirement. 

The first successful anaesthetic used in an operation was nitrous 
oxide. Sir Humphry Davy, who discovered the gas, found that he 
could stop his own toothache by inhaling it, and suggested in 1799 
that it could be used as an anaesthetic. Nobody took up the sug- 
gestion, and the properties had to be rediscovered by Horace 
Wells, a dentist of Huxford, Connecticut. He had one of his own 
teeth e x tr ac t ed while ‘under* the gas, which he later used for a 
series of extractions on othoc people. During a crucial demonstra- 
tion the patient groaned, and although he said afterwards that he 
had felt nothing, the demonstration was considered to have failed. 
However, the gas became accepted as an effective anaesthetic for 
minor operations, gn<i is still used by dentists. For long operations 
it has to be mi-rfid with os^gen to avoid asphyxiating the patient^ 
and even then it does not give deep unconsciousness and proper 
muscular rdaxation. 

One of Wells's former pupils, William Morton, was at the 
unsuccessful demonstration. He decided to try ether as an anaes- 
thetic and used it in 1846 during a tooth extraction. In October of 
that year he used ether during the removal of a tumom: fiom the 
neck. The successful use of a general anaesthetic marked the real 
start of anaesthesia in surgery, and ether itsdf was a popular 
anaesthetic until recently. The objections to it are that a fairly large 
dose has to be used, and that it irritates the lining of the bronchial 
tubes. Tins can set up a cough that puts a painful strain on the 
surgical wounds. Ether is also dangerously infiammable. 

Dr James Young Simpsrm pioneered the use of chloroform. He 
had used ether in operatioris, but in 1847 he turned to what he hoped 
would be a less objectionable chemicaL By the end of the year 
cfaknofbxm had virtually replaced ether fi>r a while. It is dMcult to 
believe that thexe was at this time a vigorous opposition to the use of 
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anaesthetics, partly because they were hazardous, but largely on 
rdigious grounds. Pain, it was hdid, was part of the divinely 
ordained burden of man. Those who had ever needed surgery were 
usually, and not surprisingly, in favour of anaesthetics, and general 
opposition died away after Queen Victoria allowed cliloroform to 
be administered to her during the birth of Prince Leopold in 1853. 

The clinical objections to chloroform remained. Pure chloro- 
form can poison the heart musde, and can damage the liver. 
Further, it is unstable, and decomposes slowly to form the deadly 
poison gas phosgene. None of the other anaesthetics was perfect, 
but each of them was highly successful, and their use completely 
altered surgical technique. Sheer speed became less important:, 
and a wider range of operations became pracdcable. It was this 
rise in the total number of operations, and hence in the number of 
fotalides, that showed just how bad surgical technique was and 
how great was the need for improvement. 

The search for better anaesthetics went on. Cyclopropane had 
advantages but was dangerously inflammable; divinyl ether pro- 
duced unconsciousness quiddy but was unsuitable for Ttiaititatwingr 
it. Trichlorethylene — ^‘Trilene* is its trade name — was not very 
effective in making the patient unconscious, but it tamed out to 
have one valuable property — it abolished pain before the patient 
became unconscious. This meant that it could be sdf-administered, 
and was ideal for midwifery. The woman in childbirth administers 
her own anaesthetic, using a small inhaler with a foce piece and a 
valve that is cdosed by a spring. When she needs the anaesthetic 
she presses the valve and inhales. After a few breaths the pain 
disappears; if she continues to inhale she begins to lose conscious- 
ness and ndeases the valve; this closes, and she becmnes crasciom 

a gain - 

In some very difficult modem operations there has been a new 
approach to anaesthetics. The early anaesthetics produced unccm- 
sdousness, and if the dose were sufficaent they also gave insensi- 
tivity to pain and muscular rdazatiaa. All three effects are needed, 
but there is no need to rely on one substance for all of them. 

The patient is usually made unconscious with a barffiturate. 
This technique has been used for a long time, and it may be used 
even for simple operations, for it avoids the unpleasantness that 
many patients fodl when a ma^ is applied. It acts very quickly. 
The patient is asked to count after the drug is injected and when he 
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stops <x >»»*iring the surgeon knows he is unconscious. There is no 
sensation of losing consciousness— -it happens too quidkly — so that 
the patient has none of the frightening slow descent into sleep that 
he used to fed if, say, ether were used on its own. He is so imaware 
of the process that he may, on waking, continue counting where 
he left off. The drug acts quickly, but the anaesthesia is not de^ 
enough for the surgeon to work. The main anaesthetic is now used, 
but even so the musdes may be insufficiently relaxed for some 
operations. Curare, or rather drugs derived firom it, rdaxes these. 

Curare is extracted ftrom the bark of a tropical tree and is used by 
South American Tndiana as a poison to tip arrows. It paratyses the 
voluntary nwsdes (th(»e that we can control), and the victim dies 
of suffocation because the breathing muscles no longer work. This 
relaxation of the muscles is ideal for the surgeon, so long as the 
patient can be kqpt alive tmdl the effect of the drug has worn off. 
This is done by forced breathing, using an endo-tracheal tube (a 
mbe that is passed through the patient’s mouth and hdd in his 
windpipe;, or tradiea, by inflating a rubber cuff). The other end of 
the tulx goes to a reservoir bag and then to the cylinders that 
suppty the anaesthetic^ to keep the patient asleep, and osygen to 
keep him alive. A cylinder of carbon dioxide, which acts as a stimu- 
lant in small doses, will also be available. After he has used the 
borbitorate and the curare, the anaesthetist then takes over the 
potiait’s breathing. The bag is squeezed to drive gases into the 
hiqgs; as it expands, the exhaled gases are purified so that they can 
be ledacnlated. 

An obvkms advantage of the tube is that it lets the anaesthetist 
work at a distance ftom the patient. He is therefore not in the 
8Uigeon*s way, especialfy during plastic surgery on the fooe or 
during brain su r gery. Operations cm the chest show its other great 
advamage. Normally the lungs are l»pt expanded because the 
pressure in the part of the chest where they ar^ the thoracic 
cavity, is bdbw atmo^heric pressure. If the chest is opened with- 
oot my ptecauticms being taken the lungs collapse. They can be 
kqpt inflated ty primping g3s into them through the endo-tracheal 
tube;, and this has made c^perations cm the lungs themselves 
poasfole, as wdl as the increasingly important operations on the 
heart. 

The ability to use curare safely during cypetations led to a search 
for more powerful drugs for producing muscular rdaxation — 
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relaxant drugs, as they are called. These are synthetic compounds 
that have similar structures to curare and are three timeat as 
powerful. Succinyldioline chloride is even more powerful, but it 
works in a different way. The nerve whose message causes a 
muscle to move acts by liberating a substance called acetylcholine. 
This in turn starts the muscle contraction. Curare and the curare- 
like (impounds block the nerve endings; succinylcholine chloride 
neutralizes the acetylcholine’s effects. It is more powerful but 
shorter acting. 

The task of the anaesthetist has been made easier by the intro- 
duction in 1956 of halothane — ^Fluothane* is its trade name. This 
was produced by Imp^ial Chemical Industries Ltd as the result of 
a programme that deliberately aimed at malriTig a powerful, safe, 
non-irritant^ non-explosive general anaestheda It fulfilled these 
demands to a great extent, and is now probably the m(»t widdy 
used general anaesthetic. Anaesthetists have largely stopped using 
a battery of substances, each contributing its own part to the 
total dffect^ and use a preliminary barbiturate to avoid alarm, 
followed by *Fluothane’ and rdaxants if necessary. 

The anaesthetist’s first aims are to get the patient imconscious, 
insensitive to pain and with his muscles relaxed, without harming 
him. The combination of drugs does this. He must give the surgeon 
as much space to work in as possible. The breathing-tube adtueves 
this. The next problem is to give the surgeon as much time as 
possible to work in. 

Bleeding limits the sturgeon’s work partly because of the results 
of the loss of blood — but this can be of&et by transfusions — but as 
much by the way that the blood stops the surgeon from seeing 
what he is doing. Any large arteries that are cut during the 
operation can be slipped or tied, but it is not possible to do this 
with smaller blood vessels, whidi bleed steadily into the operation 
site. To make matters worse anaesthetics — ether in particular — 
raise the blood pressure and force the blood more vigorously out 
of the wound. Hiis also hinders the dotting that would naturally 
stop the bleeding. 

In man the blood pressure is kept up by musdes that surround 
the arteries. Since these musdes are not part of the voluntary 
system they are not affected by curare. The nervous system that 
controls rhcm is calTad the autonomic nervous system, and along its 
pathways it baa * junction boxes’ — ganglia- — that control particular 
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areas. These ganglia can now be blocked by drugs (such as hexame- 
thonium) that axe dose relatives chemically to those that act like 
curare. By using these ganglion-blocking drugs to produce the 
sort of relaxation in the involuntary musdes that curare 
produces in the voluntary ones, the anaesthetist can now greatly 
reduce the amount of bleeding. 

As we have seen, the anaesthetist has to make the sturgeon’s task 
as easy as possible. The major side of his activity is to make sure 
that the patient is unharm^ by the sturgery. Opening the blood 
vessels, altering the blood pressure, surgical shoc^ — all of these 
affect the supply of oxygen to the c^ of the body. The brain is 
irreparably damaged if its blood supply is interrupted for more 
than two or three minutes. This would severdy limit the time 
available for operations in whidi the heart is opened, but there are 
now two ways of avoiding brain damage. One is to tise an auxiliary 
blood pump to i^laoe the heart; the other is to reduce the amount 
df nutrition that the cells need. They will then survive longer 
before they are damaged by a reduced blood supply. 

All chemical processes run more slowly at low« temperatures, 
so the activity of the odk wiU be cut down if the body is cooled. 
This occurs in nature in hibernating animals, which live through- 
out winter without either food or water. Th^ ar^ in addition, 
virtually not breatiiing. Because the activity of the cdls of their 
bodies has almost stepped, these cells are unharmed by the la<^ of 
an oxygen supply. If a patient could be cooled to this state of 
sospended animation he too would be unharmed if the circulation 
of the blood were severely reduced during an operation. 

The problem is that human beings are not intended to hibernate 
and th^ have a number of mechanisms that resist cooling. When 
the body is cooled it reacts partly by resisting the loss of heat and 
pextiy by generating more heat. Firsts the surface blood vessds 
contract and the blood is driven more deeply into the body, and 
thus fiwthrr away fixun the skin where the heat is being lost. 
Secondly, the muscles go into an oscOlation — ^veriog — that 
qweds up the cells* activities and generates heat. 

Both of these mechanisms are controlled by a heat-regulating 
centre in the brain, and the first successful attempts at ^artificial 
hibeznation* used drugs to paralyse this centre. In 1951 a group of 
Fre n c h doctors, including Jolmes, Laboiit, and Huguenard, used 
a groop of drugs — dhlacpromasdn^ promethaanei, and pethidine 
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were among them — ^to paralyse the centre so as to cool the body of 
a patient for an operation. The cooling was essentially passive — 
the drugs were administered and the patient was left for a couple of 
hours without blankets to cool off. The temperature dropped only 
slightly, about 4® F., but this reduced the b^y^s need for oxygen 
by some 20 per cent. Unfortunately the method was unpredictable, 
for it was dif5.cult to know exactly what dose of drugs to use. Too 
litde^ and the temperature barely dropped; too much, and the 
temperature fell so far that it was difficult to reverse. 

In modem practice active cooling is used. This method ignores 
the heat-control centre. The body warms itself by shivering, and 
this is prevented by using curare. The patient is then cooled either 
directly, by wrapping him in a cooling 'blanket* with a constant 
circulation of cold water through it, or by cooling his blood. To do 
this a tube is inserted into the main vein that carries blood into 
the heart from the upper part of the body. This tube is coimected 
to a pump that sends the blood through codling tubes and back 
into the heart through the other main vein. This delicate technique 
will be described in more detail in the next chapter, together with 
the associated equipment, the heart-lung machine. 

This machine was for some time a rival to cooling methods — 
hypothermia. It was devised particularly for operations on the 
heart to get round the two major difficulties that had prevented 
surgeons from operating there: the danger of damaging the tissues 
by depriving them of the oxygen carried in the blood, and the 
bleeding that occurred when the heart was opened. Both of these 
could be avoided if the heart were by-passed for a whiles and the 
blood pumped round artffidally through a heart-lung machine. 
At first these machines were used as an atzsiliary pump while the 
surgeons operated on the still-beating heart; but as they became 
more refined they were used to replace the heart while the opera- 
tion went on. Today, techniques have improved so fiir thatsurgeons 
can stop the heart finm beating during the operation and restart 
it afterwards. 

27k battle against wfectxon 

The general story of Usteris work is wdl known. Surgery before 
his time was used as a last resort^ pardy because it was so painfiil. 
Another reason, possibly the main on^ was that the cutting open 
of any part of the body veoy firequendy led to sepsis, which catsed 
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a great df**! of suffering and oftm death. Lister, while workmg in 
Glasgow, realhxd that the suppuration of an unhealthy wound was 
a result of ‘decomposition*, and the work of Pasteur suggested, in 
about 1865, that this was caused by microscopic organisms carried 
by the air. He therefore tried to destroy the germs that the air 
carried to wound, although even then he realized that the germs 
carried by the surgeon’s hands and those in the wound itself were 
alw dangerous. To do this he used his famous carbolic acdd spray. 
Although he first used it in 1870, he had been using antiseptics in 
surgery for some years before this, and the firequently quoted 
figures which show that he reduced the deaths following amputa- 
tion from 45'7 per cent to 15-0 per cent refer to operations mainly 
without the carbolic add spray. Lister himsdf became a deter- 
mined but unwilling user of a modified version of the spray — the 
atmosphere that it produced was tmpleasant and dangerous to the 
patient^ to the surgeon, and to his staff — and was rductant to 
abandon its use, although he soon came to realize that it was very 
unlikely that any dangerous micro-organisms were carried by the 
air. If they were carried by the surgeon’s hands and his ir^tru- 
ments, infection could be prevented by extreme cleanliness. This 
iqjproedi, that of aseptic surgery — in which no infection is 
idlowed into the operating theatre — is still in use. The instruments 
axe boiled, the surgeon works through a detailed * scrubbing-up* 
routine, no one with any s^tic infection is allowed into the theatre^ 
and the exposed tissues of the patient axe handled only with 
instrumenis. 

There ate two sources of infection that evade these precautions. 
Patients are sometimes brought to hospital in an infected and often 
septm condition, and the micro-organisms that are responsible can 
remain to infect fixture patients. They are responsible for occasional 
and usoalfy small outbreaks of infection in the theatre. The source 
that cannot be kept from the operating theatre is a s^tic part of 
die patient himself. Accident victims, and people woimded in war, 
are infected at the actual site of the operation, and so are those 
suffering Sxm peritonitis (infection of the abdomen); operations 
on the bowds also release quantities of infected materiat- These 
operations nee d modem antiseptics, which destroy the bacteria 
wlihoot harming the patient. More accurately, these drugs usually 
stop the bnclirria finnn growing and mnltiptying, while the otigina] 
Iw t riTM are k ille d off naturally in the patient’s body. 
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One important group of these anti-bacterial drugs is the 
sulphonamides. Their history starts in 1935 when a red dye^ 
* Prontosil % was found to cure patients suffering &om streptococcal 
infections. It was soon found that it was only a colourless part of 
the dye^ sulphonilamide^ that was active, and this activity was 
voy high. The drug worked against, for exanpl^ meningitis, 
pi^umonia, and puerperal fever, all dishes against which previous 
drugs had been powerless. Enormous numbers of variations on the 
basic sulphonilamide formula were tried in an attempt to get more 
active drugs. Aiay & Baker Ltd, ediemical manufacturers, tried a 
number of different ones before liiey found a successful compound, 
which they called M & B 693. PL XVIII shows how sulphonamides 
are tested. 

This research work was helped by an understanding of the way 
the drugs worked. The basic formula of all these hundreds of 
sulphonamides vm very similar to that of an add which is essential 
to the growth of bacteria. In some way or other the similarity was 
suffidendy dose for the bacteria to be ^fooled’ by the drug, so 
that they used the drug rather than the normal add in their meta- 
bolic processes. But unlike the add, the drug was tisdess to the 
bacteria, which were therefore killed. The drugs are powerful and 
valuable^ and although they are extremely dangerous to some 
people, or if taken in large doses, they are widdy used. 

Penicillin is the best known of the other groip, the antibiotics. 
Th^ are compounds that are produced hy moulds that live largely 
in the soil, although their spores float in the air and grow easily on 
suitable places, such as old loaves of bread. It was the effect of some 
spores of the mould PemdlHum that floated on to a dish where 
colonies of staphylococcus bacteria were growing that led to the 
discovery of the drugs. Flendng, in 1928, noticed that the colonies 
of bacteria near the place where the spores had settled died off. 
He confirmed his esperiments, suggested that the mould gave off 
some anti-bacterial substance^ and abandoned the work for a time. 
Eleven years later Flor^, at Oxford^ decided to find out whether 
the substance had any use in medicine. with Chain and other 
workers, eventually extr a cted it, and found that it was indeed 
extremely valuable; the purified extract was called penicillm. The 
next problem was to produce the drug on a large scale, and then to 
produce it rdadvely cheaply. All of these problems were eventually 
solved, and the remarkably successful career of the drug started 
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There were still problems. In general medicine the drug was 
not effective against the bacteria that cause pneumonia and 
typhoid, or against viruses. In surgery it was invaluable to begin 
with, like the sulphonamides. But like them it became slightly 
less usefttl as resistant strains of bacteria, particularly of staphylo- 
cocci, developed. As the drugs became more widely used these 
strains became, by a normal evolutionary process, the predominant 
ones. The dev^pment of resistance;, and the desire by the drug 
companies to make an antibiotic that was better than any com- 
petitors, led to experiments with an oiormous number of sub- 
stances produced by moulds. Many of them are effective against 
particular infections, and some of them, methicillin and doxadllin 
are exani^les, act against resistant strains of bacteria. These all 
secrete an enzyme;, penidllmase^ that attacks the nucleus of the 
penidUin nsolecnile. In methicillin and doxacdllin this nucleus is so 
altered that the enzyme does not attadc it. The battle against 
infection is by no means won, but the surgeon’s task has been 
made very mudi easier, and the patientf s dbances very much 
better, by these new drugs. 

None of these new drugs was used to disinfect surgical instru- 
ments, and until recently these were treated with crude disinfec- 
tants or by bd]i]%. This was ffurly effective in removing casual 
infection, but it was not satis&ctory in removing all infections 
introduced by the patient; it can be made more effective with 
ultrasonic viSnation (PL XVII). A particularly resistant infection 
was infective hqpatitis. This is a liver disease that is carried by a 
virus, and it was found to be easffy spread from patient to patient 
by hypodermic syringes, particularly those used for withdrawing 
samp les cff blood. The solution to the problem was to devise a 
dbe^ hypodennic sytioge that could be used once and then 
destroyed. This syringe is made of plastic, enclosed in a plastic 
oontafner, and sterilized by e3q)osing the package to gamma-rays. 
Rasher surprisingly it tamed out to be dieaper, as well as safer, to 
use these hypodermic syringes and throw them away than to 
sterilize a coaventioiial syringe and use it again. Hospitals are 
increasing^ using sterilized disposable instruments. 



III. New Tools and Aids to Surgery 



Parkinson’s disease is a nervous disorder that shows itself as a 
tcembling of the patient’s hands and a stifi&iess of his face. It is an 
afSicdon that becomes worse with dm^ and until recently it could 
be treated only rather cniddy and rather dangeroudy with drugs. 
Then it was discovered that the course of the disease could be 
dramatically altered if a small group of cells in the thalamus — the 
^obus paUidus — at the base of each of the cerebral hemi^heres of 
the brain was put out of action by surgery. 

Brain surgery such as this demands that the surgeon locates 
exactly the group of cdls that he wishes to attach. They are not in 
esacdy the same place in all patients, and the brain cannot be 
opened drastically enough to see them. The only way to tdl If he 
is working on the right rails is to try; the only way to tdl if they 
are no longer active is to see if the patient is cored. So the padent 
has to remain conscious throughout the operation. 

The essential tool is ukca-oold liquid nitrogen. The patient is 
given a local anaesthetic^ and a small hole is made in the skull and 
then in the sur&ce of the brain. A thin metal tube^ 0*06 inch in 
diameter,is slid into the brain, goidedbyametalfiame. Its pr ogre s s 
is follow^ by X-rays. When it appears to be in the correct place 
the padent is asked to hold up his hands, which will be trembling 
with the disease. A drop of Hquid nitrogen is pumped along the 
tube. If it is at the right place, the trembling will stop (ficondspieoe 
and PI. XDQ. If it does, more liquid nitrogen is pump^ in so as to 
deq> fceeze the nerve into permanent inacdvhy. If it is at the 

wrong place, the tube is allowed to w a r m, and no permanent 
damage is done. The tube is then moved until the ooiiect place 
is found (Fig. 3). The method is quid;— it can stop in a 
minute tremors that have beeu going on for twenty years— and the 
padent may be up and about widun a day, and leave the hospital 
withm a wedL It does not work with ah sufferem foom Fazkinscm’s 
disease, but 90 per cent of those whom its inventor. Dr Irviog S. 
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Fig. 3. Cxyosutgeiy n> cure Parkinson’s disease. 


Cooper of New Yoric, has operated on have been cured, and only 
one in a hundred has died &om the operation. 

Cryosuigety — ^the use of extreme cold — has recently been 
applied, again in New York, in treating a detached retina. It 
sometimes happens that the retina — the screen at the back of the 
eye on to fdiich the image is thrown by the lens— ceases to be hd^d 
in place. The catise is probably connected with some change in the 
composition of the liquids iuside the eyeball. If the outer layer of 
the eye^ the sdera;, is touched behind the retina with the cooled 
tube ibr a few seconds, a form of blister will develop on the retina. 
Ittakesabouta week for this to disappear, but when it does so it 
leaves the retina firmly attached. 

Another tool that has been used tx> re-attach a retina is the laser. 
Hus piodooes a coherent beam of very intense light that is of onfy 
one wavdbength. It can be a very fine beam, and its energy will 
thexefoxe be very concentrated. In a way the retina is ideally suited 
to be treated bj foe of a laser, because foelens of foe focuses 

foe beam on to foe redna, and dnce this is coloured it will absorb 
enezgy fixxn foe beam. The beam is usually sent in short pulses, 
so that it is painless and foe patient has no time to move his eyes: 
foe retina is *qpot-wdded* into jdacc (PL XS^. That, at leasts is foe 
princl^pie of foe idea. It has been tried ax the Institate of Ophfoal- 
moiogy at Goiombia Univecsity, under Dr Campbell, and also at 
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the Royal Victoria Hospital at Newcastle in England. The tool has 
had some successes, but it is still diflScult to decade on the correct 
* dose* of light. The problem is that 63^ of different colours absorb 
different amounts of energy from the laser beam, and while too 
small a dose will not fix the redna, too large a one will damage other 
tissues in the eye. 

Anotho* possible use of the laser is the treatment of tumours, 
particularly cancerous ones. The aim in all attacks on tumours is to 
damage them — to kill them if they are cancerous — without harming 
the nearby healthy tissues. The beam from a laser can be focused 
to a point 0-01 millimetre across, which makes it a very accurate 
surgical instrument, and research workers have found that it will 
kill tumoius that have been transplanted into experimental animals. 
It will be a long time before this research will be known to be 
valuable to httman beings ; all that can be said at present is that it is 
promising. 

Brain surgery is older than history — prdbistoric skulls have 
been found with holes drilled in them, and the operations were 
successful, in that the patients survived; some of the skulls 
showed that the m^ had lived for years after the operation. 
Successftil heart surgery, on the other hand, started in this 
century, and the operations have become straightforward and 
routine because of the new aids to surgery that have been 
produced. Some of these have already been mentioned, but not 
in detail. 

The main problem of heart stxcgery is that the brain must not 
be dqprived of its blood circulation for mote than about three 
minutes; otherwise it is iirqparably damaged. But^ as we have 
already seen, the heart-lung machine can replace both ihe heart 
and the lungs so effectively that the heart can be stopped for the 
duration of a heart operation and then restarted. 

But the answer is not quite as easy as this. Blood is living, and its 
cells would be damaged by the rough handling of a conventional 
pmnp. The pumps on the first heart-lung machines squeezed the 
blood along tubes into a rotating plastic cylinder that did the work 
of the lungs. The cylinder was packed with discs and washers 
whifdi were rotated so that the blood was spread on them in a tfam 
film. By blowing oxygen through the cylinder and therefore over 
the blood film, the cylinder did the work of the lungs, giving o xygen 
to the blood and removing carbon dioxide 4 ). The machine 

B 



Fig. 4. Princ^le of the Melrose heart-lung mafTiiTi*. 

TO first us^ in. Britain in 1953 by Dr Mdrose, of the Hammer- 
*niith FCospitalg X.ondonj and the operation— —to repair heart 
while it was stiU bearing— was successfiiL Plate XXI shows a heart- 
long iTi«^‘Tir in use. During the next two years Meilrose perfected 
a technique finr stopping the heart beating with a solution of 
a cittatBi pexfbcming an operation^ and restarting the heart 
so tto it beat normally and so that there were no air-lodks. He 
published a report cm his work which produced such interest that 
^be first actual ope r a t ion on a pattent iiMTig hig technique was 
carried out in Anwrica, by Dr Willem Kolfi^ in February 1956. He 
used a nuKh suTtpler heate-ltmg Tnarfiint^j where a length of semi- 
porous tu bin g a cted as the lungs. The operatiem and Hnwng of 
succpcss uBS pexfisedy. The surgeons at T TaintTM T gTnftti con- 

tmned to inqncyve the technique, and they demonstrated ii^ and the 
use oftheMehrue machine, in an historic visit to Aloscowin 1959. 

The othn metiiod fix: aveading damage to the brain during heart 
o p e r a t io i ks is hgpotiienn ia lowai ng the tempecatoie (Pis. wtTj 
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XXnX). The technique was developed at much the same time as 
that of the heart-lung machine, and was thought of as an alter- 
native. When animals hibernate, the rates at which all their bodily 
ftinctions work slow almost to a standstill. The temperature- 
controlling centre in the nervous system of animals that do not 
hibernate can be put out of action by the drugs that were described 
in the last chapter, and the animal's temperature, or the patient’s, 
will then fall. 

The first use of active cooling was in Minneapolis in 1952. Dr 
F. J. Lewis and Dr M. Taufic used a cooling method that Professor 
W. Bigelow had developed in Toronto, using dogs. He had cooled 
the dogs in a ^blanket* containing tubes throt^ which a cold 
liquid flowed (Fig. 5). The dogs were unharmed. The Minneapolis 
surgeons cooled their patient, a five-year-old girl with a t»dly 
damaged heart, to 80° F. This took ninety minutes, but the actual 
opoiation on the heart took only five and a half— they had calcu- 
lated that the cooling would allow them to take up to tea. The girl 
was warmed by being put into a bath of w arm water for thirty-five 
minutes. Eleven days after the operation she was home leading a 
normal life. The method was gradually improved — ^Dr H. Swan of 
Denver, Colorado, developed a way of using short-wave electrical 
heating to revive the patient — ^but it was not possible to cool 
the patient sufficiently to give the surgeons more than about 
ten minutes in whidi to operate. And although some of the 
casualties were patients that no operation could have saved, others 
were not. 

One solution to the time limitatiQn was tried by Professor I. 
Boerema of Amsterdam. If the reduced blood circulation could be 
made to take up more osygen than usual, the brain would remain 
adeqoatdy nourished for a longer time. An increase in the atmo- 
spheric pressure would produce this effect; so the answer, perhaps, 
was to operate in a high-pressure chamber. He found that the 
method worked. A later devdopment, tried in both Britain and the 
United States, used pure oxygen at about twice the normal 
atmospheric pressure. This method has been extensively used 
during 1963 and 1964, and is extremely usefiil in heart opecatioas. 
It is valuable wherever the amount of oxygen carried to the brain is 
. reduced, and has been used to treat patients with coal-gas poison- 
ing and those with blood dots that reduced the circiiladon to the 
brain. It is now being tried in cancer treatment: cancerous tumours 




for heat exchange 

Rg. 5. H;n*oi!liaiiu& The blood does not go throng the heart, making 
surgjBty very much sin^pkr. In addition, &e Hood is cooled to redura 
the body’s demand for osygen. 
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are much more markedly affected by X-rav's when the oxvgen 
prcR'.ure is increased ,Pk. XXIV-XXVI;. 

Hypothermia was valuable in heart operations; so u as the heart- 
lung machine. The next stage w’as to combine the two. Dr C. 
Walton Lillehei at Minneapolis solved one problem. The heart, 
if stopped by chemicals, did not alura>'s restart properly. He found 
that it could be cooled below freezing-point by running cooled 
blood into it while keeping the rest of the body supplied with blood 
at the normal temperature from a heart-lung machine. The heart- 
beat was stopped in this way without using drugs. If the heart was 
rewanned it beat normally as it rKtarted. The drugs had, on the 
other hand, on occasion produced fibrillation, a rapid and useless 
fluttering of the heart. 

The two techniques were brought together by three surgeons 
working at the Naval Hospital at Bethesda, Maryland, in an 
operation in May 1959. The heart-lung machine that they used 
was fitted with cooUng and heating coils, and they started by 
cooling the anaesthetized patient to 85° F. Th^ then diverted an 
ice-cold blood supply to the heart to stop it fix>m beadng, and 
suspended its action for twenty minutes while they operated. 
Finally, the heart was restarted, and then the patient warmed by 
alloh^ blood at its normal temperature to flow around the 
arteries of the body. 

The part of the heart-lung machine that gave most trouble was 
always the artificial lung. Charles Drew, a surgeon at the West- 
minster Hospital in London, solved this problem by using the 
body’s own lungs. His aim was to short-circuit the blood supply 
m order to cut out the heart so that it could be cooled and operated 
on, and to send the blood through cooling tubes, and also through 
the lungs, so that the blood would be naturally oxygenated. The 
idea was simple;, but mechanically difficult to cany out. Hie final 
version used two pumps to do the work of the two ventricles of the 
’ hearty and a heat exchanger, so that the circulating blood could be 
heated or cooledL The complete machine was first used in surgery 
in 1960. 



IV. Artificial Spare Parts 



If an organ is or malfiipctioniag it can be removed, and 

the patient must live as best as he can without it; or it can be 
repaired, often so as to make the organ as good as a normal one. 
The third possibility is to rqplace the organ. Crude artificial limbs 
are as old as history. A complete artificial heart has not yet been 
mad^ but it will be in the next few years. 

Ambroise Par^ the sixteenth-century ftither of modem surgery, 
invented a sdiecdon of limbs for the wounded soldiers with whom 
he was mainly involved (PL XXVII. A hand for pulling could be 
tnffni pJiaTigwd with a hand that would hold a pen; a hand that could 
do both — in ftux a hand that could even control its grip— had to 
wait upon recent discoveries of the way ihat musdes work. 

The musdes that cause a hand to grip are set ofifby an dectrical 
impulse that travds down a nerve connected to the musde. 
Electroaics eaqpects are quite used to magnifying tiny dectrical 
inqnilses — radios would not work if amplification were not 
possible. It should be practicable, therefore, to use the electric 
impulse of someone whose nervous system was working, but 
whose limb was missing^ to operate an artificial limb. Dr A. H. 
Bottxmilicy and T. K. Gowdl, of St Thmnas’s Hospital, London, 
have invented an artificial hand, working on these prindples that 
can be used by a person who has had a hand amputated (Fig. 6). 
Becaus e it uses the gaTne. nervous impulses that his own hand did 
before it was amputated, the man can learn how to use the hand 
very qaickfy--within a few minutes. 

The hand looks crude. It gr^ an object^ say a teacup, between 
two coveted hooks. The nervous impu^ for the gripping action 
is pfdsed t^ fixan a gtoiq> of musdes on the fmearm, amplified, 
and then smoothed out, since the dectrical waves as detected are 
fir fiom 8tea(fy. At its simplest this si gnal could be amplifipid until 
it woctld operate an dectric motOT that doses the * hand but there 
would be no control over the rate at which the hand closes. This is 
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obtained by taking a nervous impulse from the set of musdes 
on the other side of the forearm — ^the musdes that would oppose 
the acdon of the first set if the hand were sdll there. This impulse 
is treated in the same way as the first one, and mixed with it before 
the final amplification. The hand now doses at a controlled rate. 
Fisall}', the strength of its grip has to be controlled. The natural 
hand has a sensitive feed-back that tells the brain how strongly the 
hand is gripping, so that a hammer is hdd firmly, an egg gently. 
It would be difficult to fit the artificial hand with nerves to supply 
this information, so instead the force that the hand is exerting 
supplies a signal directly to the motor, and this keeps the grip 
steady (Fig 6). PI. XXVIII shows a recent devdopmenL 

Until recently it was not possible to get batteries that were light 
enough and yet produced enough power for the limb, so other 
power sources have had to be used. The Russians, for example^ 
who ate very active in this field, have tried compressed carbon 
dioxide gas. Their limbs have been imported into Britain to be used 
by babies who have been bom with dreir limbs not fully developed, 
the result of the use of thalidomide by pregnant women. The 
nervous system of the babies is quite adequate for operating the 
artificial limbs. 

Otosclerosis is a disease of the middle ear that is one of the 
commonest causes of dea&ess in yoimg and middle-aged people — 
Beethoven was deaf through otosclerosis before he was thirty. 
Normally the vibrations of the eardrum axe carried by a series of 
bones to the cells that convert them to electrical impulses; in 
otosclerosis one of these bones is so enlarged that it jams in the gap 
through which it passes. Dr J. J. Shea of Memphis, Tennessee;, 
has devised an operation to replace this bone;, and he claims to 
restore the hearing of about 90 pec cent of his patients. He removes 
the bone (the stapes), and replaces it with a replica made of the 
plastic *Tefion*, grafting a ihin dice of the patient’s own tissue into 
the gap that is left. The operation, like many ear operations, needs 
to be done under a low-powered microscope so that the structures 
of the ear can be clearly seen. 

In a way, these ace all examples of the less important artificial 
organs. A patient can live at least a limited life if he has lost an arm 
or a 1^, or if he cannot hear or speak properly. But if his kidneys 
or his heart £dl he dies. It would be wondecfiil to be able to make 
artificial vital organs that could be used to rqplaoe the defecxive 




Peg. 6, The artificial hand invented at St Thomas’s Hospital, London. 
InqNilses finm the nerves nfthe forearm are amplMed and controlled to 
VKBii the motor vhich operates ^ hook. 
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ones. Even if they were good enough only to be used to keep the 
patient alive until he was cured, or until he cured himself — some 
failure are temporary — ^they would be invaluable. 

The artificial kidney has reached this stage. The kidney’s job 
in the body is to take waste products from the blood and pass 
them to the bladder so that they can be excreted: this is a prob- 
lem in physical chemistry. The Dr KolfT who first used citrate 
to stop the heart for an operation was also the first to build an 
artificial kidney. The design was simple, and he built it during the 
war, in Holland, w’hile his coimtry was occupied by Nazis. They 
never knew of his discovery. 

Essentially an artificial kidney is a tube that can be connected to 
a patient’s bloodstream, and that will allow the waste products to 
pass through a membrane into a bath that surrounds the tube. Dr 
KolfT’s membrane was made of sausage skin. This was woimd 
round a drum that revolved in a solution contained in a bath, 
while the patient’s blood was taken to and fixnn the drum by tubes. 
The solution in the bath has to be so made up that the waste 
products difiEuse into it, while the chemicals — ^protem, salts, and 
glucose, for example — ^that the body needs are k^t in the blood. 

KolfiPs artificial kidn^, and more recent devdopments of it 
(PI. XXDC), have saved lives. The human kidneys can fail as a 
result of the surgical shock that follows a severe injury; this &ilure 
is temporary, and soldiers who have been injured in, for example 
the Korean war have been k^t alive tm^ their own kidneys 
started again. 

The machine is used in peace time as welL The disadvantages 
are that it is large and has to be operated by an eapert: the patient 
has to come to the machine. And it is not perfect. It gradually 
dilutes the blood. Furthermore^ the modem versions are expensive 
— it is not possible to provide one for every person whom it would 
benefit. 

Probably the major cause of natural death nowadays is heart 
disease. But the heart is essentially only a pump, whose entire 
function is to drive blood around the body to supply its needs. The 
blood is sent firom atrium to ventride;, through a valv^ by mus- 
cular action, and the ventricles in turn contract so that the blood 
is sent, again through valves, around the body or to the lungs. The 
action is mechanical and it should be possible to rtqplaoe parts of 
the hearty and eventually the whole by mechanical devices 
•b 



Fig. 7. Artificial *8pare parts*. 

As Medumical finger joint. B, Metal ball to r^laoe damaged scaphoid 
bone. C; Hin g e d elbow joint. I>, Pacemaker. E, Artificial valve in 
heart. F, Ifip joint. O, Plate to fi>rtify fiactured thigh bone. H, 
Natl to fix together fiagments of a broken shinbone. I, Art^dLallens. 
Is Mould to form basis fin: sldn graft to rebmld ear. K, Artificial lower 
jaw bone. L, Tube replacing removed portion of gullet. M, Metal 
replaoenient for die bone of the upper arm. K, Tubing replacement 
for diseased aorta. O, Nail for pinning together broken wids in 
finkCturerrf'thexieGkofthethi^boae. P, Hinged knee joint. 
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now that heart suigery is possible. There are, however, some vital 
problems to solve before this can be done. 

One is that the body reacts against living material that is put into 
it — although this reaction can be reduced in some cases — ^while 
most artificial materials corrode or decompose. But some do not: 
a plastic whose sdendfic name is polytetrafluorethylene (or 
PTFE) is almost completely inert, and has been used by a numl^ 
of doctors as a material for artificial heart valves. Another plastic, 
* Silastic’ (a silicone polymer), has been used to make a ball and 
cage valve that has been inserted so as to replace a &ulty heart 
valve. 

Charles Drew, of Westminster Hospital, has already been men- 
tioned as a heart surgeon. Another of bis discoveries is that a 
plastic mould can be put into a patient’s body, and used to make a 
*new* heart valve from his own tissues. The mould is partly filled 
with the patient’s tissue, which then grows to fill the mould. The 
method is successful wi^ animals. If it works with human beings 
the new valve will be one that can be put into the patient’s heart 
with no fear of its being rejected. 

The most serious of all heart diseases is coronary thrombosis. 
This is a blocking or ‘furring up’ of the coronary artoies — ^the 
arteries that nourish the heart itself. The exact reason for the 
furriog — atherosclerosis is the technical name — Is not dear. It 
affects people &om the age of forty on, it seems to affect people who 
are overweight and who take little exercise more than others, and it 
may be connected with the kind of food that th^ eat. If the patient 
survives the attack that first threatens the heart, new arteries grow 
to nourish the heart. Dr H. Sorof^ of Boston, led a team that 
devised a pump to support the heart during the attack. Because of 
the blocked arteries the heart has a great deal of difficult in 
pumping. The pump deals with this difficulty by taking blood 
&om an artery near the groin, and then forcing the blood through 
the coronary arteries so as to nourish the heart until the attack is 
over. Another way of redudng the strain on the heart caused by 
the dogged arteries is to replace them with artificial ones made 
of plastic. 

The alternative to making the damaged heart’s task easier, or 
patching it up, is to r^lace it completely. Dr M. E. DeBakey, of 
Houston, Texas, has described how he thinks that this will be 
done. The pump will be a two-walled tube made of plastic^ with 
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the space betweca the walls filled with air. In versions that are now 
workings the blood is driven through plastic valves by pumping air 
f rom an outside Supply to the space between the walls. This air 
could be supplied internally if an air container were inserted under 
the rH" of the diest and connected by an artificial tendon to one 
of the large r mw cles of the shoulder. Dr DeBakey has actually done 
rblg with an animal; he used a muscle that is normally attached 
to the upper part of the forearm^ and he stimulated the muscle 
with an implanted dectrical stimulator that ^ve a regular pulse of 



FlG. 8. Dr DdBakey*8 method of harnessing musde^ stimulated by a 
pacemaker, to drive an implanted heart pump. 


dlectridty (Fig. 8). The principles of the artificial heart are estab- 
lished, but it is not possible to make one that can be used on a 
human being permanently — the materials that are used change 
because they are immersed in the bod 3 (^s fluids and the pmnps and 
valves damage the blood. Once these problems are solved, an 
artifidal heart, fitted when needed, becomes a reality. DeBakey has 
already fitt ed a human artificial stand-by heart using an external 
air sopi^. FL XXK shows <nie type of ar tifidal heart. 

The implanted stimnlator mentioned above closely resembles 
one that was dcrvdoped to deal with another heart disease. The 
disease^ heart block, shows itsdf as breathlessness and dizziness, 
possibfy feinting. These are signs that the body and the brain 
axe not xeoeiviag an adequate blood supply. The reason in this case 
is that the lower charnbers c£ the he^ — the output dhambers — 
are not oonteacting at the proper rate r The Trmgdeg usually are 
sound, but they are not receiving the nervous impulse that sets off 
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the contraction. This impulse starts high up on the right of the 
heart, and sets off the upper chambers; the impulse then runs 
down through a knot of muscle and sets off the lower chambers. 
The chambers of the heart are thus made to contract regularly and 
in the correct order. If a coronary artery is clogged the connecting 
muscle may degenerate because it is not getting sufficient nourish* 
ment; or the muscle may be cut during a heart operation. The 
lower chambers will then not get the nervous message and they 
will contract at their own rate, which rardy reaches half that of the 
upper ones. 

Electric shoda stimulate musde, and Dr P. ZidO. of the Boston 
Medical School decided to see if they could be used to treat heart 
block. Towards the end of 1952 he selected an elderly man in the 
last stages of heart failmre and put one needle under the skin at the 
apex of the heart, another on the surfao. They were connected 
to an electrical supply that gave a short pulse of electricity between 
fifty and one htmdred times a minute. The source was switdied 
on whoiever the heart actually stopped beating and ffir hours the 
heart was kept moving and the man kept alive, only by the dectric 
shocks. His heart eventually restarted. The beat was unsatis&ctory 
— the ventrides contracted only slowly — but the man could leave 
hospital. 

The method was crude — ^it caused muscular spasms, sometimes 
bums — and it could not be used permanently. Dr C. Waltcm 
Lilldiei of JVlinneapolis and two colleagues, W. L. Wdrich and 
V. L. Gott, devised a miniature pacemaker that was connected to 
the heart diuing an operation. Again it was a rudimentaty version 
at first; one electrode was connected to the wall of the right ven* 
trid^ the other was fitted just beneath the skin, while the pulses of 
dectridty were fed in firom outside. 

The modem versitm is one that can be fitted permanently, 
as at St George’s Hospital, London; it is completdy implanted 
and runs &om a battery that has to be changed only once every 
few years QPL XXXII) and Fig. 9). The wearer leads a normal, 
bardy encumbered life. FL XXXI shows a sli^dy different version. 

There are two other interesting electrical implants. One has 
been developed to stop bleeding from brain arteries. Dr S. F. 
MuUan of Chicago has found that the bleeding can be smpped 
by pasring a thin positive electrode right the way through ^he 
brain to the bleeding artery, and then oompledng the drcnit with a 
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Fig. 9. Implanted pacanaker to cure heait block. The acdvating 
electiode is embedded in the heaxt^ togetha with a spare electrode. 

negative dectiode attadied to the scull. The current quitMy causes 
a dot^ and this can be made into a permanent one by inserting a 
copper needle through the same hole in the skull and leaving it 
the^ 

The other device is used to treat hig h blood pressure. The blood 
pre s su r e is infinenced by the carotid nerve smuses that occur on 
eadi dde of the neck. Two different groups in America have found 
that they can reduce high blood pressure by usii^ electrodes 
wxqiped around the sinus. The electrodes are energized by, in one 
case, an implanted battery, and in the other, pulses of current 
picked cp by dectrodes in the heart. These applications are esperi- 
mmtal, but they seem to be succes^uL 

However, these devices are not ideah The battery can go wrong, 
the electrodes can work out of place, or the machine itsdf can 
corrode. They illustrate the general problems of umng ardficial 
vital organs though the proposed artificial heart illustrates them 
more clearly. It wears out^ it damages the blood, and it may affect 
thedssues ofthepatient. Ideally, spare parts should be natural ones. 



V. Natural Spare Parts 


People who are killed in acddents usually die with most of their 
organs soimd. These organs are natural spare parts that could be 
transplanted into sick people who need them, once the various 
surgical problems have been solved. Transplants between members 
of the same species are called homografb; an autograft is an opera- 
tion in which some part of the body is moved to a new site on the 
same person. The most familiar example of this is the skin graft, 
which is used after severe burning. (Tie first recorded successful 
skin graft:, incidentally, was in the sixteenth century.) The patient’s 
own skin is grafted on to the bom, and eventually new skin grows 
to replace the patch that was remove for the graft. The autograft 
is so straightforward that it is used nowadays for ‘cosmetic’ 
operations, in plastic surgery. 

The problem of transplanting organs between animals has been 
solved for some time, in the sense that the animals lived for a while 
after the operations. Demikov, in Russia, grafted the head of a 
puppy on to the shoulders of a dog in 1959, and there have been 
hundreds of experiments since then. The animals were usually 
painlessly destroyed after the operation, for th^ could not then 
have led a normal life^, but it was thon^t that the method was 
basically sound and ne^ed only perfecting. It seemed a promising 
basis for an addition to the surgeon’s repertoire. It was only later, 
when more research had been done into the way tiiat the body 
protects itself, that it was realized that the body was actively 
rejecting the graft 

The rejection — ^the immime reaction — can be seen in blood 
transfusion. The blood in the body has several functions — ^nutrition 
of the cdUs, for example — and in this sense it is an organ, althou^^ 
a mobile one. It can be transferred from one person to another, 
with the proper precautions, and it can be stored imtil required. 
Blood trans&sion can be thought of as a particular form of 
transplanting. 
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The earliest attempts at blood transfusion were generally fataL 
Karl T showed why this was so in 1900. He found that 

ggtwpTwt of blood foom drSerent people could be divided into two 
groups that contained, in the red cells, one or other of two sub- 
stances that he called A and B. Blood that contained substance A 
in the red eelTs also contained a substance *anti-B’ in the sorum, 
the colourless liqtud that surrotmds the red cdls. * And-B* would 
cause any red cells containing B to d.unip; the odls would appear 
to curdle. This is known as agglutination, and it causes blockages 
in blood vessds and capillaries, and this leads to serious damage 
in the organs that the blood nourishes. These discoveries showed 
how to make successfol blood transfusions C^ls XXXIII and 
XXXIV). 

The r^ cdls of human blood can contain either the A foctor, 
the B foctor, both, or neither. The blood concerned is said to be of 
group A, B, AB, or O, respectively. A person’s blood group is 
determined by Ins heredity. If the donor and the recipient each 
have blood of the same group, there will be no dumping and the 
txansfumon will be successfiiL It was at first thou^t that there 
were only two foctors, but it is now known that this is an ovor- 
sdn^lification. There are mmre than two, and blood to be used for a 
txansfixsion is always tested direcdy, by mining some of it with a 
drop of the patient’s blood. It is used only if no dumping occurs. 

An imp or ta n t discovery was that *anti-A* and *anti-B* were not 
normally present in the blood, but were produced only as a 
xeacdoax to A or B. This is a particular case of the immune reaction, 
which is cme of the body’s defonces against invasion by any foreign 
proteins— 4hat is, any protein material thatit did not containatbirth. 

Ooae of the reactions to an infoction by bacteria or viruses is the 
formatioa by certain odls in the blood of what are called antibodies. 
TIkk remove the bactoia by, for example^ dissolving them or 
focming a precipitate with them. The formation of antib odies is 
set off hy *andgens* in the mvading bacteria or viruses. There may 
be so many antibodies produced as the result of an infoction that 
germs of that particular type can never again get a foothold. The 
person will then , be immune to the disease caused by theparticular 
germ. Hus is why some diseases, lii» Ttiffantpa and mumps, are 
rarefy c ang^ twice. Antibodies are the reaction to an invasion by a 
pazttcular kind of germ or virus; they will generally have no effect 
on mfisctiofn by any others. ^Thete axe smne exceptions to this rule. 




XIX An operadon fiieezes some cells in the braxD^ and can stop in a minute 
trexDOrs the hand (Paiidnson’s Disease) that Imve bem going on twenty years. 

(jSee cdso ftond^ece.) 




XS Re-imadh!ng a retitia a laser. 


XXI A heait«hing machine cmtridetfieqpeiating theatre takes ovar the fiii^ 
of the padenif s lusart and lungs dodng the opexadooL The pumping s ys tem is on 
the left and the tanks in 'which the padentf s blood is ox ygenated axe on the right. 





XXIV Be/ora; A patient in an individual hl^-piessuteaiygen chamber, used for 

treatment. 





XXV, XXVI A large 
hi^-pxessure ozygeii 
chamber which caa be used 
both for medical treatment 
and as an operating theatre. 








XXIX A pauent attadied to 
an amfidal kidney. 


XXX An ardfidal heart 
made of plastic. 



XXXI The patient wears m 
internal pacemaker^ as shown in 
the X-ray picture on the left, to 
keqp her heart beating regularly. 
The surgeon is holdJ^ a model 
of a pacemaker which can be 
carried in a pocket or worn 
around the neck, as shown in the 
ri^t-hand X-ray picture. It 
would be wired throi^ih the skin 
to the heart. 



XXXII X-ray photo^ph of 
pacemaker completely implanted 
and run on a battery. 
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The antibodies that result firom an infection by oowpoz protect 
against smallpoa:^ for example.) 

This immune reaction is one of the body*s protections a gainst 
harmful invasions. Unfortunately it cannot distinguish harmful 
ones from beneficial ones, and a blood transfusion of the wrong 
group will be rejected. An organ transplanted fiom the wrong 
person will also rejected, and the choice of a suitable donor is 
much more difficult than it is ffir blood transfiision. The only 
acceptable organ is one from someone who is genetically absolutely 
the same — ^that is an identical twin. In this case the body cannot 
distinguish between its own organs and the grafted ones. 

It is not at present dear whether the rejection mechanism in 
other cases is more complicated than me^y the formation of 
antibodies. But whatever it is it must be damped down if the graft 
is to succeed. This can be done by either drugs or X-rays. One 
group of drugs, the alkylating ^ents, has the same effects on 
antibody formation as X-ra3^s — they damage tire cells of the blood 
so that they do not produce antibodies. Another group, the 
antimetabolites, so called because they interfere with the metabolic 
processes of the cdls, prevents antibody formation by this inter- 
ference. 

There are two kinds of problem. First, the dose of drug or 
X-ray that is powerfiil enough to make the graft eSective may 
permanently damage the patient. Secondly, the treatment lowers 
the body’s resistance to all kinds of invasion. The patient then has a 
very low resistance to infection both of the wound and of himself. 
He must be kept in a completely sterile atmosphere during the 
operation and after it, until his own defence mechanism is working 
properly. There have been a number of cases where the operation 
has been successful, in that the grafied organ has started function- 
ing, but the patient has died of an infection such as pneumonia. 
Thus a completely sterile hospital, isolated firom the outside world, 
is needed for sucoessfirl transplantations. There are, incidentally, 
other treatments that need a hospital of this type;, and one is being 
built in London for the cure of a rare kind cf cancer that affects 
women. The cure trses drugs that temporarily lower the women’s 
resistance to infection. 

Let us have a look at a typical transplanting operation — ^that 
of a kidney. The patient showed the typical symptoms of kidney 
fidlure — his blood omtained large quantities of the urea that the 
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kidneys should have been removing, and he was excreting very 
little urine. He was getting worse despite treatment. A transplant 
was therefore su^ested — it is so dangerous that it is used only 
adfter all other treatments have failed. The first problem is to find a 
spare kidney, and in this case the patient’s father volunteered to 
^ve one of his two kidneys, and the doctors found that they were 
both healthy. There is always some risk in removing a kidney— 
pardy the direct risk of the operation, and partly the possibility 
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Fig. 10. Kidn^ transplant; donor at left. 


that the remaining one may fidl later, or may not be up to the 
demands of die body. However, the father was fit and active, and all 
his other children were self-supporting. The father and son were 
of the same main blood group, O, and the other &ctors noatched 
suffidendy closely for there to be no reacdon when their blood 
was noixed. 

An aTtifi.cial kidney was used to purify the youth’s blood before 
the operation. Unfortunately the operation had to be delayed, and 
the concentradon of tnea in the blood became fotu: times as great 
in deven days. The doctors decided to operate. The youth was 
given drugs to reduce his reacdon against the new kidney, and one 
of his father’s kidneys was inserted. It was put in near the pelvis, 
and the artery and vein of the kidney were connected to an artery 
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and vein that ran near by. The kidney, if the operation succeeded, 
would purify the blood that tan into it. It cotmected to the 
bladder so that the impiuities could be discharged in the urine. 
The surgical part of the operation, which is not formidably diffi- 
cult, was over (Fig. 10). 

Tlje testing time followed. The first good sign was that the 
patient felt better when he recovered fix»n the anaesthetic thgn he 
did before the operation; patients who need a kidney transplant 
fed very iU indeed. The n^ good signs were that the patient 
started passing urine;, and that samples of his blood showed that 
the concentration of waste products was goii^ down. The kidney 
was working. The patient was kept in hospital, and given more or 
less daily doses of the drug that had been chosen as a ^rejection 
reducer*. Ten da]^ after the operation the patient b^an to run a 
temperature, and he complained of discomfort two days after this. 
These troubles could well have been caused by the drug, so it was 
discontinued. However, he continued to deteriorate, and started to 
pass less urine. There was no sign of infection, so it was assumed 
that' all of the troubles were due to a refection reaction, and the 
drug was restarted. The kidney started working again, but a check 
on the blood showed the number of white cells in it was falling 
rapidly. This was a sign of an extremdy dangerous state. The drug 
worked by interfering with the acaion of the cells, and it was 
dearly the source of the danger, so it was again stopped. Now the 
rejecrdon was unchedced. The kidney stopped working, and the 
graft became painful and could be fdt as a mass from outside. 
This degeneration was not affected by using an alternative drug, 
so the doctors turned to the first one again. This stopped all the 
signs and symptoms direcdy cotmected with the graft — ^the puM 
and the swdOings — but the kidney did not start working again. 
The concentration of impurities in the blood rose and the patient 
more or less stopped passing mine. He died seven weeks after the 
opoadon, probably because the grafi; reaction, once it had started, 
was not suffidendy reversed by the drugs. 

At present these operations fiequendy fail. The death may be 
due to a reaction against the graft, as in this case; it may be due to 
an infection that strikes the patient when his resistance has been 
lowered; or he may die fimn the action of the dn^ themselves. 
Dr J. Murray, of Peter Bent Brigham Hospital, in Boston, has 
commented on the results of 244 kidney homogxafts. Seven out of 
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the twenty-eight patients who received a kidney from an identical 
twin had died, and this is the most promising kind of transplant. 
Of 120 whose grafted kidneys had come from unrdated donors, 
only one who survived the opoation longer than a year w^ still 
alive. Howevar, other reports are more encouraging. Four patients 
were alive a year after they had received kidneys from unre- 
lated dead people. The successful control of the reaction was 
important, but the fret that the kidn^ came ftxmi dead people 
was in a way more strikmg — any risk in the operation was confined 
to the receiver. 

These kidneys came from people immediately after they had 
died: there is no satisfretory way of preserving human kidneys, 
althm i g h there has been some success in preserving dog kidneys 
by fireedng them. In a human transplant the receiver has to be 
taken to hospital when there is a suitable dying person, usually an 
aeddent victim. 

A homograft that is so firequently successful that it has become a 
routine operation is that of the cornea. This fr the hard transparent 
part of the eye^, the part on the surface that lets the lig^t in. (It is 
the only completely transparent part of the body.) It seems black 
when we look at it because we are looking at ^e dark inside of 
the eyeball. If it becomes infreted it may become opaque, and 
somdxxly with an othervnse satisfretory eye will become blind. 
Injury— a scratch or a bum from lime — can give the same 
result. 

The delicate c^peration of graftmg on a new cornea from a corpse 
was tried in the nineteenth century, but it friled, because of bad 
technique or infection. Nowadays, even in grafo in which the 
eyeball is opened, only one in fifty fails because of infection, and 
the transplanting of corneas to patients whose own are defective is 
smxessftd in nine cases out of ten. The main reason for the very 
high rate of success is that there is no imrirmTif* reaction. This is 
because the immune reaction is produced by cells in the blood, 
and the eye is not nourished by a blood supply. 

The main problem now in corneal grafting is getting a supply of 
healthy eyes to the smgeems. With very few exceptions these ^es 
come from dead bodies. For a long while there were legal diffi- 
culties, but these have now been parfy solved. The eyes cannot be 
taken from a body without permission, and a d 3 iing person is 
frequently in no state to give it. But an Act of Parliament that was 



MATURAL SPARE PARTS 53 

passed in Britain in 1952 made it possible for people to give per- 
mission long in advance. Other countnes have similar laus. The 
practical difficulties are less easily solved. The eye has to be 
removed vdthin twelve hours of death, and used within two days, 
or three at the most, if the operation is to have the maximum 
chance of success. This means that there has to be an organization 
telling every eye-graft surgeon which donor eyes are available, so 
that he can plan his operations. It would be a great advance to 
discover a way to store the ^es for a longer time after removal. 
Rabbits’ eyes have been stored for up to a month in a deep-freeze, 
after treatment with glycerol and dimethyl sulphozide, and then 
successfully grafted; there have been a few successes after storing 
human eyes as long. If this mediod, or one like it, can be made 
completdly rdiablei, the main problems of grafting corneas will 
have been solved. 

There are other parts of the body that can be grafted with a high 
proportion of success. Cartilage is the translucent elastic substance 
that covers the ends of bones in joints, such as the knee, that allow 
a lot of movement^ and it forms part of the connective tissue that 
allows the joints of the spine, or those where the ribs meet the 
breastbone^ their limited movement. Cartilage is not nourished 
by the bloodstream, so that the successes in grafting it are not 
particularly surprising. More striking is the homografting of the 
aortic valve of the heart. This gives yet another treatment, in 
addition to r^lacement by artificial valves, and growing a new 
valve inside the patient. Two different groups of doctors, one 
under D. Ross and the other under B. G. Barxatt-Boyes, have 
recently reported that they have grafted a total of eighty-two 
valves. All but five of the patients seem to have been sucoessfiilly 
treated, and most have been alive for at least fifteen months after 
the operation. The high ra*® of success is striking; even more so is 
the ffict that the valves had all been stored, by ficeeze drying, for a 
long time before the operation. The doctors concerned think that 
there may be very litde immune reaction, if any, in this case. 

Grafts where the immune reaction is important would be more 
likely to succe ed if it were possible to choose organs that the 
patient did not react stron^y against, for then the dose of drugs 
or X-ra 3 ^ could be kept down. He will react mote stzongply against 
organs fixim some people than, against those ficom othem. If the 
doctors are fortunate to have a choice of donors, th^ n e ed 
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a way of sdecting the most acceptable one, and even if they have 
no choice^ a measurement of the streng^ of the likely reactioii 
hdps tfifm to decide on the amount of preliminary treatment to use. 

There are two ways of making the sdecdon. One has been 
devdtoped by Dr P. B. Medawar and Dr L. Brent of the National 
Tnstitntft for Medical Research in London. They worked from the 
f act thar the main function of the lymphocytes — a group of white 
in the blood — is to protect the body from invasion. It isn’t 
exacdy what part they play, but the test can be carried out 
without knowing this. Samples of the blood lymphocytes firom the 
patient are injected under the skin of each of tiie potential donors. 
There wfll be a reaction — a red swdling — rdativdy quickly; it 
usually takes less than twenty-four hours. This reaction is that of 
the recipient against the donor, and the strength of the reaction is a 
measure of the strength of the antagonum. This method of 
classifying potential donors works well for guinea pigs. It should 
work for human bdngs, and if it does, it means that the surgeons 
can quickly {tick out the donor whose organ will be least powerfully 
rqected by the patient. He will therefore need a rdativdly small 
dose of X-rays or drugs, which reduces the chance of dangerous 
side effects. Dr K. Hirschhom and Dr F. Badbt, of New York 
University, have su^ested another approadi. They fotmd that 
they could mix the lympho(7tes of patient and donor in a test-tube 
and get a reaction — the odls became overactiv^ and enlarged and 
multiplied — that measured the strength of the immune reaction 
between them. Doctors usii^ this method hope that it will give 
them a guide to the rejection process during the period after the 
operation. They can take samples of the patientfs lymphoc3^es 
after the opearation, and watch how th^ dev^op a reaction against 
ttut cdls of the donor. 

The other way of sdecting a donor who will not provoke a strong 
reaction is to ‘type’ people for organs ^ they are now typed for 
biood. We can s^qt that it is foiily certain that a person whose blood 
is groi^ AB, rhesus positive will accept blood transfusions foom 
someone dse whose blood has the same foctors, and research 
workers are trying to recognize foctors in organs that could be used 
to group them. Unfortunatdy there are a lot of them — ^fifoeen 
foctors that affect grafts have been ftnmd in mice. However, they 
are not all equally important^ so that this approach may turn out 
to be valuable. 
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Most of the transplanting operations have been with kidneys. 
They are rdiativdy simple organs to connect, and small enough to 
be tucked into the body without having to remove anything else to 
make space. In addition, a normal person has two heathy kidn^’s, 
so that he has one to spare for someone who mi ght otherwise die. 
Operating on a healthy person is not ideal, medically, but it does 
give a source of healthy organs. The numlW of successful kidn^ 
transplants using relatives as donors is small, as is the ntunber 
using unrdated dead people;, but it is encouraging. The tr ansf er of 
othtt organs is mudh less successful. 

There have been a few attempts to tr ansf er the liver. One 
problocn is that it is a large organ, and there is no space for a spare 
one in the body. Removing the patient’s own liver, and keeping 
him alive until the spare is working, is very difficult. Another 
problem is that the organ is complex, difficult to cozmect, and 
easily damaged; and it has to come fiom a dead person, as no one 
has a spare. So far there have been no long-term survivors. Of 
three patients operated on by a group under T. E. Starzl in Denver, 
United States, the longest-lived survived only twenty-two days. 
However, in his case and one of the others, the graft had not been 
rejected, and death was due to complications that might well have 
been the result of damage to the liver in moving it. 

There has been one reported attempt to date at transplant- 
ing a lung. A group under J. C. E^dy at Jackson, Mississippi, 
transplanted one from a dead person into a man who was suffering 
firom lung cancer and kidney disease. The rqection was damped 
with drugs, and the operation apparently succeeded. However, 
the man died because his kidntys ffiiled eighteen days after the 
operation. 

Transplanting operadons will gradually become more conmiaiL 
and more successful. The problems — ^the surgery, preventing 
rqecdon, and keeping the patient healthy while his resistance is 
low — have all been solved in some of the cases. Unless the use of 
organs from other atiiTnals or the storing of organs from dead 
people becomes common, the supply of sufficient spares is going to 
be the major hindrance in the future. 

The decision as to whether to use natural spare parts or artificial 
ones wUl, in the fixture be partly decided on the grounds of whidi 
works the better, or which is the more easily available. It is likely, 
though* that the use of natural spare parts will also raise serious 
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etMcal questions. Thare will probably never be a sufl&ci«it supply 
of organs firom accident victims; this implies that the organs will 
have to o>me from donors who are willing to give a kidney, for 
esample^ because both of thdr own are functioning wdL Surgeons 
are bound to be unhappy about this — ^it involves operating on a 
healthy person and putting his life at risk. It may wdQ be 
obj^rtions of this sort, and tiie improvement of artificial spare 
parts, win mean that natural spare part surgery will have only a 
small place in the future. 



VL Careers in Surgery 



The career in surgery that comes most quickly to mind is that of a 
surgeon. The Royal Collie of Surgeons of Eng^d, Lincoln’s 
Inn Fields, London, W.C.2, can supply all the information that 
you will need about how to become a singeon. Very bridSy, the 
would-be surgeon leaves school with sufficient A-level sul^ecis for 
admission to a university or a medical schooL He or she (there are 
both men and women surgeons) will first qpialify as a d(x:tor, and 
can then specialize as a surgeon. Once qualified as a dcxrtor, there 
are other careers open that are (»imected with surgery. It is, for 
example^ possible to specialize in anaesthesia, or in radiology (the 
interpretation of X-ray pictures). 

There are a nimiber of careers open to those who are not doctors, 
but who have graduated from a university or a collie of advanced 
technology. Modem surgery uses such complex apparatus that 
there are alwa3^ physicists working with the surgical team in the 
operating theatre. In England a high percentage of this woih will be 
in the treatment of patients with X-rays; Scotland uses cUnical 
ph3rsicists for purposes that might involve any one of a very wide 
range of pardctdar interests in physics. Surgery nowadays also 
needs those whose interests am in engineering rather than in 
physics. They will work in plastic and accident surgery, making 
sure that the new stmctures are properly designed; and they will 
work on devising and operating the apparatus that the anaesthetist 
must use. 

Physics technicians also work in the operaling theatre. They will 
take some O-levd. subjects at school, and then take a Nafional 
Certificate, and possibly a Hi^er National Certificate, in applied 
physics. Their jobs will probably use dectronics, or isotopes, or 
the devising and working of scientific instruments. If they shcnild 
eventually decide that they do not wish to continue working in 
hospitals there are interesting and rewarding jobs for them in 
industry. 
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This also applies to those, who have one of the qualifications — 
the first is as an Associate — of the Institute of Medical Laboratory 
Technology. The Institute’s address is 74 New Cavendish Street, 
T nndfitij W.l, and you can get further information from there. 
The preliminary qualifications you will need are some O-level 
subjects. Chice you have the qualifications your work will be in the 
laboratories attached to a hospital. 

There are other careers that can be started by someone with 
some O-level subjects. Examples of these are in physiotherapy, in 
radiography (the taking of X-ray pictures), photography, and as a 
artist. The Chartered Society of Ph 3 reiotherapy, Tavistock 
House South, Tavistock Square, London, W.C.1, and the Society 
of Radiographers, 32 Welbecfc Street, London, W.l, can supply 
information about the first two. 

Nursing, of course is another career connecared with surgery. 
You can get information about this firom the General Ntusing 
for Eogland and Wales, 23 Portland Plac^ London, W.l, 
or the General Nursing Council for Scotland, 5 Damaway Street, 
Edinburgh 3. 



Books and Magazines 

Besearch of the land described in this booh is progressing very 
rapidly, and the best popular sources of information about the latest 
progress are die magazines Discovery^ Nea Scientist, Science 
Joumcd and Scientific American. Anyone interested in the earlier 
work will find a good description in A Short Hhtoiy of Medicine by 
Charles Singer and £. Ashworth Underwood, second edition 
(Clarendon Press: Oxford University Press, Oxford, 1962). More 
recent work is dealt with in The Risk Takers Hugh McLeave 
(Frederick Muller Ltd, London, 1962) and Modem Mediccd 
Disco/oeries by J. G. 'Iliwaites (Rootled^ & K^an Paul Ltd, 
London, 1958). 
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